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block  copolymers.  The  results  from  these  studies  are  summarized  herein;  details  are  given  in  the  fifteen 
refereed  publications  that  have  been  produced  during  this  project. 
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Statement  of  the  Problem  Studied 


While  linear  flexible/flexible  diblock  and  triblock  copolymers  have  been  studied  for  many 
years,  relatively  few  investigations  have  probed  the  effects  of  branching  and  chain  stiffness 
on  the  properties  of  these  materials.  This  has  been  largely  due  to  the  fact  that  well- 
defined,  well-characterized  materials  of  this  type  had  been  unavailable  prior  to  the  present 
work.  The  goal  of  this  work  was  to  synthesize  graft  and  flexible/semi-rigid  block 
copolymers  having  precisely  controlled  structures,  to  thoroughly  characterize  these 
materials,  and  to  study  their  morphological  properties  in  collaboration  with  the  group  of 
Professor  Samuel  Gido  (University  of  Massachusetts). 

Summary  of  the  Most  Important  Results 

1)  Through  the  use  of  high  vacuum  anionic  polymerization  and  controlled  chlorosilane 
linking  chemistry,  we  have  developed  methods  which  allow  precise  control  over 
branch  number  and  branch  placement  in  graft  copolymers.  This  chemistry  (which 
takes  advantage  of  stable  anions,  reactions  with  chlorosilanes  which  are  free  of  side 
reactions,  and  steric  effects  during  linking)  is  a  new  mechanism  for  graft  copolymers 
formation  which  is  superior  to  other  techniques  in  terms  of  architectural  control. 
These  synthetic  methods  allow  for  rigorous  characterization  of  the  architecture, 
compositions,  and  molecular  weights  of  these  materials.  With  this  chemistry  we 
have  synthesized: 

•  “simple  grafts”  which  have  a  single  centrally  located  branch  point 

•  “asymmetric  simple  grafts”  which  have  a  single  branch  point  placed  off-center  at 
a  predetermined  position. 

•  “tt  copolymers”  which  have  two  branch  points  that  are  equally  spaced  along  the 
backbone. 

•  “H  copolymers”  which  have  a  branch  point  at  each  end  of  the  backbone  and  the 
“grafts”  are  attached  at  their  midpoints. 

•  “centipedes”  which  have  multiple,  regularly  spaced  branch  points  with  two  “grafts” 
attached  at  each  branch  point. 

•  “combs”  which  have  multiple,  regularly  spaced  branch  points  with  one  “graft” 
attached  at  each  branch  point. 

All  of  these  materials,  based  on  polystyrene  and  polyisoprene,  can  be  produced  with 
virtually  any  desired  composition  and  molecular  weight,  as  well  as  with  very  narrow 
molecular  weight  distributions. 

2)  The  morphological  characteristics  of  the  graft  copolymers  described  above  have 
been  investigated  in  collaboration  with  the  group  of  Professor  Sam  Gido  (Univ.  Of 
Massachusetts)  and  others.  For  the  “simple  grafts”,  a  direct  comparison  with 
theoretical  predictions  by  Dr.  Scott  Milner  (Exxon)  on  the  effect  of  branching  on 
block  copolymer  morphology  has  been  conducted.  The  morphologies  of  six  of  the 
samples  correspond  to  classical  phases  (spheres,  cylinders,  lamellae)  and  are  in 
agreement  with  predictions  of  Milner.  This  is  an  important  finding  because  this 


means  that  by  introducing  branching  in  block  copolymers,  one  can  decouple  the 
morphology  from  a  strict  dependence  on  copolymer  composition.  Furthermore,  we 
have  found  that  the  degree  of  long  range  order  in  microphase  separated  block 
copolymers  is  strongly  influenced  by  branching.  This  has  important  implications  for 
the  production  of  copolymer-based  membranes. 

3)  For  the  7th  simple  graft  copolymer,  which  has  a  composition  near  a  “bicontinuous 
window”  predicted  by  Milner,  a  new  morphology  was  discovered.  This  morphology, 
which  was  featured  as  the  cover  art  for  the  journal  Macromolecules  during  all  of 
1997,  is  a  randomly-oriented  wormlike  (ROW)  morphology,  which  had  never  before 
been  observed  in  neat  block  copolymer  systems.  The  equillibrium  nature  of  this 
micellar  ROW  morphology  was  confirmed  by  selective  solvent  casting/annealing 
experiments. 

4)  We  have  synthesized  and  characterized  two  series  of  conformationaly  asymmetric 
diblock  copolymers:  polyisoprene/poly(tert-butylmethacrylate)(PI/PtBMA)  and 
poly(styrene)/poly(cyclohexadiene)  (PS/PCHD).  PI/PtBMA  exhibits  only  a  modest 
degree  of  conformational  asymmetry,  yet  a  shifting  of  the  phase  diagram,  similar  to 
that  observed  for  the  grafts,  was  noted.  Furthermore,  these  systems  showed  that 
chain  stiffness,  as  well  as  branching,  could  be  used  to  manipulate  long  range  order 
in  block  copolymers.  With  the  PS/PCHD  materials,  the  conformational  asymmetry 
is  more  pronounced.  With  these  materials  we  and  our  collaborators  have 
discovered  a  very  unusual  “cylinders-within  cylinders”  morphology. 
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